CONTROLLER SYSTEM FOR BATHING INSTALLATION 

This application claims the benefit of U.S. Provisional Application 
60/41 5,982, filed October 3, 2002, the entire contents of which are incorporated 
herein by this reference. 

BACKGROUND 

[0001] Electronic control systems have been employed to control various 
functions of a bathing installation such as a pool or spa. A problem associated 
with installation and maintenance of the control systems has been the need to 
make numerous wiring connections in the factory and in the field when installing 
the control system. These wiring connections include line voltage wiring 
connections, low voltage wiring connections, and connections for the power 
hookups for the different components associated with the pool or spa, which 
typically have been run through circuit breakers in a main or auxiliary panel to 
the various components, such as the pump, heater and lights. This is a time 
consuming task, and one which can lead to wiring mistakes, in view of the 
number of wiring connections which need to be made. 

RRIEF DESCRIPTION OF THE DRAWING 

[0002] Features and advantages of the present invention will be apparent 
from the following detailed description of an exemplary embodiment thereof . as 
illustrated in the accompanying drawings, in which: 

[0003] FIG. 1A is a top plan view of an exemplary embodiment of an 
integrated water heater and electronic control system (with top cover removed) 
for a bathing installation such as a spa installation. 



EV33D3Efl5a3US 



2 



1702.1 



[0004] FIG. 1B is a diagrammatic illustration of elements populating the 

printed circuit board of the system of FIG. 1A. 

[0005] FIG. 2 is a left side view of the system of FIG. 1 A. 

[0006] FIG. 3 is a bottom side view of the system of FIG. 1A, taken in the 

direction of arrows 3 in FIG. 1 A. 

[0007] FIG. 4A is an enlarged view of a portion of FIG. 3, showing an 
exemplary embodiment of a strain relief clamp of the enclosure housing 
structure. FIG. 4B is a cross-sectional view taken along line 4B-4B of FIG. 4A 
showing the clamp structure In further detail. 

[0008] FIG. 5 Is an upper side view of the system of FIG. 1 A. taken in the 
direction of arrows 5 in FIG. 1 A. 

[0009] FIG. 6 Is a simplified cross-sectional view of the system of FIG. 1 A, 
taken along line 6-6 of FIG. 1A. 

[001 0] FIG. 7 is a top view of an exemplary embodiment of a component side 
of the printed circuit board of FIG. 1B In an unpopulated state, showing an 
illustrative line voltage conductor pattern. 

[001 1] FIG. 8 is a view similar to FIG. 7, but also showing an exemplary low 
voltage conductor pattern. 

[0012] FIG. 9 is a bottom view of the printed circuit board of FIG. 1B, showing 
an illustrative conductor pattern for a solder side of the board. 

DETAILED DESCRIPTION 

Overview 

[0013] A controller system for a bathing installation such as a spa is 
disclosed. In an exemplary embodiment, the system distributes line voltage from 
a line voltage service to one or more line voltage loads and controls operation 
of a service system for the bathing installation. The system includes a housing 
structure, with a controller printed circuit board mounted within the housing. The 
board includes a plurality of line voltage output terminals for connection to 
respective line voltage loads via line voltage wiring connections, a set of circuit 
board line voltage contact surfaces, a plurality of circuit conductors for providing 
circuit connections between the contact surfaces and respective ones of the line 
voltage output surfaces. The controller circuit board assembly routes line 
voltage from the circuit board line voltage contact surfaces to the output 
terminals. In an exemplary embodiment, a line voltage connector structure is 
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non-removably mounted on the circuit board, and has a set of line voltage 
connectors, each including a connector for connection of a corresponding one 
of a set of line voltage service conductor and a connector line voltage conductor 
pin soldered to a board line voltage contact surface. 

[0014] In an exemplary embodiment, a plurality of line voltage load 
connectors are non-removably mounted on the circuit board, each including a 
set of terminals for connection to line voltage load wiring and a set of pins 
soldered to respective ones of the line voltage output surfaces. 
[0015] In an exemplary embodiment, a wiring strain relief clamp structure is 
formed with the housing, to provide strain relief for wiring sets leading to external 
devices. Ground connections in the embodiment are simplified by use of a 
ground wire connection to the housing structure, with electrical continuity 
provided between the printed circuit board and the housing by conductive 
standoff elements. A jumper wire configuration allows the line voltage 
connectors to be connected to either 120V or 240V service. 

Exemplar/ Embodiment(s) 
[0016] An exemplary embodiment of an integrated water heater and 
electronic control system 50 for a spa installation is shown in the top plan view 
of FIG. 1A. The system includes an enclosure housing 52, shown in this 
embodiment as a rectangular housing structure having side walls 52A, 52B, 52C, 
52D and bottom wall 52E. The housing also typically includes a removable 
cover 58 (FIG. 3). The housing is typically fabricated of an electrically 
conductive material such as sheet metal or aluminum. 

[001 7] The system 50 includes a water heater assembly 60, which is secured 
to the enclosure housing. The heater assembly 60 has a heater shell 62, most 
usually made of metal, but can also be constructed of conductive plastic or of 
plastic with an internal metallic ground plate. Confined within the heater shell is 
a heater element, constructed to provide insulation from the water as generally 
known in the art. Power is provided to the heater element power terminals 68A, 
68B from connection points 116A and 116B on the printed circuit board 110. 
This power is provided responsively to the programmed temperature provided 
to the electronic control system through a control panel (not shown) as is 
generally known. In this exemplary embodiment, the heater housing 62 is 
tubular in shape, and has a water inlet 64 and a water outlet 66. Other housing 
shapes can alternatively be employed. Located close to each end of the heater 
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element in an exemplary embodiment are temperature sensor assemblies 
(not shown). A heater assembly suitable for the purpose is described more fully 
in commonly owned U.S. 6,282,370 B1, the entire contents of which are 
incorporated herein by this reference. 

[0018] Ends of the heater assembly 60 are passed through openings formed 
in the opposed sidewalls 52A, 52C of the housing enclosure, so that the inlet 
and outlet ports are positioned outside the enclosure. The heater ports are 
connected via flanges to pipes comprising a water recirculation path to allow 
water in the spa to be pumped through the path and through the heater to heat 
the water and then return the heated water to the body of water in the spa. 
[0019] The system 50 further includes an electronic controller circuit 
assembly 100, comprising a main printed circuit board (PCB) 1 10 mounted in the 
enclosure housing on standoffs such as electrically conductive standoffs 108A, 
1 08B (FIG. 6). Threaded fasteners attach the board to the respective standoffs 
for this exemplary embodiment, which have threaded bores formed therein. The 
circuit board 110 in this exemplary embodiment has a top surface 112 and a 
bottom surface 1 14, and each surface has defined therein a conductor pattern 
for interconnecting the circuit elements with which the board is populated, as will 
be described more fully below. 

[0020] The circuit elements mounted on the top surface 112 of the circuit 
board 110 include the following elements, schematically illustrated in FIG. 1A 
and IB: 

1 50 microprocessor 

1 52 low voltage transformer 

1 54 heater relay output 

1 56 hi-limit relay for heater output 

1 58 hi-limit relay for heater output 

160 circulation pump relay 

162 circulation pump relay 

164 blower relay 

166 wiring connector for circulation pump line voltage 
connection 

1 68 wiring connector for pump line voltage connection 
1 70 wiring connector for blower line voltage connection 
1 72 wiring connector for relays 1 74, 1 76 
1 74 relay for ozone generator output 
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1 76 relay for spa lights (1 2 V or 1 20 V spa light output) 
178 panel 1 connector (wiring to first control panel) 
180 panel 2 connector (wiring to second control panel) 

1 82 fuse for spa lights 

183 advanced diagnostic control and monitoring connector 

184 dip switch 

185A, 1 85B branch circuit fuses (line voltage) 
1 87 connector (spa light output) 

1 89 primary fuse to transformer 

190 terminal block for line voltage supply conductors 

[0021] In addition to the foregoing devices, the circuitry on the top surface 
includes various discrete elements such as resistors and capacitors, as well as 
logic devices. 

[0022] One feature is the PCB-mounted terminal block 190 for the supply 
voltage connectors. The terminal block 190 is shown in further detail in FIG. 6, 
and includes a body 192 fabricated of an electrical insulator. Receptacles 1 94A, 
194B, 194C are provided for each of the three line voltage supply lines, 
respectively the white neutral conductor 22, and the black and red "hot" 
conductors 24, 26. The ground conductor 28 is connected separately in this 
exemplary embodiment, as will be discussed below. In this exemplary 
embodiment, the conductors 22, 24, 26 are secured in their corresponding 
receptacles by pressure connectors comprising threaded posts 196A, 196B, 
1 96C which thread into corresponding threaded bores formed in metal cylinders 
196D, 196E, 196F. The posts are tightened by a screwdriver to clamp the 
respective conductors against conductive clamp surfaces provided by the 
cylinders. Pins extend from the cylinders through holes formed in the body 1 92 
and through via holes formed in the RGB, and are soldered in place to secure 
the terminal block in position and make electrical contact with respective 
conductor patterns formed on the bottom surface of the RGB. The terminal 
block is mechanically secured to the RGB by fasteners. Alternatively, other types 
of connectors can be employed to electrically connect the supply line conductors 
to the printed circuit board. 

[0023] Since the terminal block 190 is non-removably mounted during 
fabrication, the connection of the line voltage conductors to the system 100 is 
simplified. In this exemplary embodiment, the installer need only use a screw 
driver to clamp the three supply conductors in place, and make the supply 
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connections. Supply voltage is thus supplied to the PCB 1 1 0, which is fabricated 
with conductor patterns to distribute the line voltage to various circuit elements 
on the PCB 1 1 0, including switching devices such as relays, SCRs, and the like. 
[0024] Terminal blocks suitable for the purpose are commercially available, 
e.g. the 438-3PCB model terminal block marketed by LMI Components, Inc., 
Boco Raton, Florida. 

[0025] Another feature of the exemplary system 50 Is the use of 
PCB-mounted power switching devices and wiring connectors, reducing the 
cost of the system as well as the time required for assembly of the system. 
In this exemplary embodiment, the spa heater, blower, circulation pump and 
water pump are all line voltage loads, and spa lights provide a low voltage load. 
Power for these loads is distributed by the PCB from the supply conductors, 
through appropriate line voltage fusing elements 184A, 184B and low voltage 
fusing elements 182 (FIG. 1A) and relays 154-164), which are mounted on the 
PCB. External wiring from these loads to the PCB are connected to connectors 
168, 170, 172, 173 mounted to the PCB. In this exemplary embodiment, the 
external wiring includes wiring sets 250, 252, 254, 256, with wiring set 250, 252 
running to a pump or blower, 254 running to an ozone generator, wiring set 254 
running to a two speed pump, and 256 running to the spa lights. The connectors 
have connector terminals soldered to appropriate pads on the PCB for making 
connections to the supply voltage conductors fabricated on the bottom surface 
of the PCB 1 00. Suitable connectors for the purpose are commercially available, 
e.g. the 643416-1 or 643416-2 model 4-pin connectors for line voltage 
connectors 166, 168, 170, 172, and the 643412-1 or 6434 12-2 2-pin connectors 
for low voltage connector 187, marketed by AMP. 

[0026] A strain relief clamp structure 200 is integrated with the housing 
enclosure 52, and is shown in detail in FIGS. 4A-4B. In an exemplary 
embodiment, the clamp stmcture 200 includes a hinged clamp member 210 
mounted to the side wall 52C, and having a generally U-shaped cross-sectional 
configuration. The clamp member 210 has a series of rounded relieved areas 
defined on each leg portion 21 OA, 21 OB, including relieved areas 212A-212E 
formed in edge 21 2F of leg portion 21 OA (FIG. 4A). An Internal shelf structure 
230 is attached to the inner surface of wall 52C, e.g. by rivets, welding, gluing 
or other fastening means. The structure 230 thus includes a wall portion 230A 
in contact with the inner surface of wall 52C, a shelf portion 230B having a width 
to set the spacing distance between wall 52C and inner wall portion 230C of the 
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structure 230. The top edges of the wall 52C and the inner wall portion 230C 
have formed therein a series of rounded slots or channels of corresponding 
width and spacing to match with the relieved areas formed in the clamp structure 
210 when pivoted to a closed position. For example, wall 52C has formed in its 
top edge 222 a series of rounded slots 224A-224E as shown in FIG. 4A, and wall 
portion 230C has a series of rounded slots formed in its top edge. The clamp 
structure 210 has a pivot pin 214 running between the two leg portions 21 OA, 
21 OB at an end thereof. The side wall 52C and inner wall portion 230C have 
formed in the top edges thereof a dogleg channel such as channel 226. which 
received the pivot pin and provides surfaces allowing the clamp structure 21 0 to 
pivot from the open position of FIG. 4A to the closed position of FIGS. 3 and 4B. 
Sets of insulated line voltage wiring are positioned in the slots formed in the side 
wall 52C and wall portion 230C, with the clamp 210 in the open position. 
Thereafter, the clamp 210 is pivoted to the closed position to clamp the 
conductors in place, providing strain relief for the conductors, without requiring 
the cost and space for a separate strain relief structure inside the housing. 
[0027] With the clamp member 21 0 in the closed position, the clamp structure 
200 defines a plurality of wiring openings 240A-240E, which can be of various 
sizes tailored to the diameter of the wiring set passed through each opening to 
ensure clamping pressure is brought to bear on the wiring sets. For example, 
openings 20A-240D can be sized for line voltage wiring sets 250-254, with 240D 
having a larger diameter than openings 240A-240C to received a wiring set 
having wires of larger gauge. Opening 240E can be sized for a low voltage 
wiring set, of smaller diameter, and in this embodiment receives wiring set 256, 
a low voltage wiring set for the spa lights.. 

[0028] A threaded fastener 208 (FIG. 6) is secured between the clamp 
structure to the shelf portion 230B to hold the clamp 210 in the closed position. 
The cover 58 (FIG. 3) is thereafter secured to the housing 52. 
[0029] An earth ground 28 for the supply voltage is connected directly to a 
receptaclel 32 on a ground terminal block 1 30 (FIG. 1 A) mounted to the housing 
52. The terminal block is fabricated of electrically conductive material, and 
includes a plurality of wiring receptacles, each with a pressure connector to 
secure a wire conductor in place. With the PCB 110 mounted to the housing by 
electrically conductive standoff elements, such as standoffs 108A, 108B, each 
of which is in contact with a ground pad on the lower surface 1 14 of the PCB, 
continuity is provided between the earth ground connection and the PCB. 
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This simplifies the ground connection. Typically in the past, the ground 
connection is made to a terminal lug mounted to the floor of the housing 
structure, and then another ground conductor is connected between the terminal 
lug and each connector on the PCB or within the housing. Exemplary locations 
for the standoffs and PCB ground pads are shown in FIG. 1 A, as 382-92. In this 
embodiment, a PCB ground pad is positioned adjacent each load connector 
166-172, and is connected to a ground terminal on the adjacent connector 
through a PCB conductor, although for other applications, the connectors can 
share ground pads. 

[0030] FIG. 7 is an illustration of an exemplary, simplified conductor pattern 
formed on the upper, component surface 1 12 of the PCB 110. FIG. 7 shows the 
line voltage conductor pattern in heavy dark areas and lines, and for clarity omits 
much of the low voltage conductor patterns used for control signals and the like. 
Lighter black lines indicate some components mounted to the PCB, particularly 
the connectors, relays and transformers; these are indicated by the 
corresponding reference numbers as used in FIGS. 1 A-6. The top surface line 
voltage conductor pattern is covered by a solder mask, not shown. Conductor 
areas 302, 304, 306, 308, 310, 312 and 314 are all electrically connected to the 
connector 196 for the black supply conductor 24, and thus are all held to the 
black supply conductor potential. Conductor areas 31 6, 31 8 are each electrically 
connected to the connector 198 for the red supply conductor 26, and thus are 
held to the red supply potential. Conductor area 320 is electrically connected to 
the connector 194 for the white, neutral conductor 22, and thus is held to the 
neutral potential. The "black" conductor areas provide surfaces to which the 
relays, connectors and the transformer can be electrically connected. For 
example, area 304 provides conductor surface locations for connection to relays 
1 60, 62 and 1 64. and as well for connectors 1 68, 1 70, 1 72. Area 31 0 provides 
a "black" conductor surface location for connecting to the heater. Similarly, the 
"red" conductor areas provide conductor locations for connecting to the heater 
("red" area 31 8), for example, to provide 240V supply for the heater. The white 
conductor areas provide conductors locations for connecting to devices to 
provide 1 20V supply. 

[0031] FIG. 8 is a view of the conductor pattem on the upper surface 1 12 of 
the PCB, similar to FIG. 7 but showing an exemplary low voltage conductor 
pattern as well. 
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[0032] FIG. 9 is a view of an exemplary conductor pattern for the lower 
surface 1 14 of the PCB, showing the line voltage conductor pattern formed on 
the lower surface. 

[0033] Another aspect is the provision of jumper wires and quick connect 
terminals connected to the "red" supply potential and the '^white" supply potential, 
to allow a given connector to provide either 120V or 240V, as needed in a given 
installation. A terminal on each line voltage connector 168, 170 and 172 is 
electrically connected through a PCB conductor to a pad 360, 362, 364 (FIG. 1 B) 
on the surface 1 12. Each pad Is connected to a jumper conductor area 330, 
332, 334 (FIG. 7), which is electrically isolated from other areas connected to 
white, red or black supply potentials. A set 175 (FIG. 1B) of "white" quick 
connect terminal connectors is electrically connected through a PCB conductor 
to the "white" conductor area 320. A set 177 (FIG. IB) of "red" quick connect 
terminal connectors is electrically connected through a PCB conductor to a "red" 
conductor area 316. Jumper wires 370, 372, 374 each have one end soldered 
to the respective pad 360. 362, 364. The other end of the jumper wires each 
have a mating quick connect connector for connection either to one of the set 
1 75 or 1 77. The jumper wires provide a means to wire a given wiring connector 
either for 120V service (by connection to a neutral conductor area) or for 240V 
service (by connection to a "red" conductor area). By making the jumper wires 
long enough to reach either set 1 75, 1 77, the controller system can be wired up 
in the field to accommodate either 120V or 240V loads. Thus, the load wiring 
connectors of the controller system 50 can be readily connected up for either 
type of load. Alternatively, each connector can be connected to 120V or 240V 
by a permanent connection provided by a conductor pattem on the PCB. 
[0034] It is understood that the above-described embodiments are merely 
illustrative of the possible specific embodiments which may represent principles 
of the present invention. Other arrangements may readily be devised in 
accordance with these principles by those skilled in the art without departing 
from the scope and spirit of the invention. 



